ABSTRACT Eight men with hypoxia associated with idiopathic pulmonary fibrosis were studied. Serum testosterone concentrations were low in two subjects and fell to subnormal levels in two others as the clinical condition and arterial oxygen tension deteriorated. There was a significant correlation between serum testosterone concentrations and arterial oxygen tensions (p < 0.05). Three patients showed evidence of suppression of luteinising hormone secretion at the pituitary level. Only occasional abnormalities of thyroid and prolactin concentrations were noted. Most of the men suffered from organic sexual impotence, which is considered to be due at least in part to endocrine disturbance. These findings are similar to observations in patients with hypoxic chronic obstructive airways disease and support the hypothesis that hypoxia of lung disease suppresses the hypothalamo-pituitary-testicular axis.
While studying metabolic aspects of chronic obstructive lung disease we found reduced serum testosterone values in affected men' and were able to show an association between severity of hypoxia and degree of testosterone suppression.2 In subsequent studies we showed suppression of the hypothalamus or pituitary or both and not of the testes themselves to be responsible3 and other aspects of endocrine function to be comparatively normal. Such changes were reversible, improving with a rise in arterial oxygen tension in patients recovering from acute exacerbations with cor pulmonale.4 These hormone abnormalities had not previously been described in such patients, although low levels of urinary 17 ketosteroids had been noted at high altitude, indicating reduced testosterone production in the hypoxia of altitude,5 and also in emphysema. 6 We have shown that organic sexual impotence can be a consequence of such low anabolic steroid production. ' As there have been no reported studies of the hypothalamo-pituitary-testicular axis or sexual function in other clinical conditions characterised by hypoxia we set out to study a group of men with hypoxia secondary to pulmonary fibrosis.
Methods
Approval for the project was granted by the hospital ethical committee and informed written consent was obtained from all patients. Eight men attending a chest clinic who were considered to have radiographic evidence of pulmonary fibrosis were invited to participate. All had fine late inspiratory crackles and in no case was an aetiological factor incriminated. Severity of breathlessness was Two subjects (Nos 1 and 4) had frankly subnormal serum testosterone concentrations, while the values for two others (Nos 2 and 8) became subnormal (2b and 8b) with clinical deterioration (table  3) . There was a significant correlation (p < 0.05) between serum testosterone and Pao2 (fig). Serum hormone binding globulin values were slightly raised in four of the six patients in whom it was measured. The serum luteinising hormone and follicle stimulating hormone response to injected gonadotrophin releasing hormone was not tested in subject 1. Three of the other subjects (Nos 2b, 3, and 4) had subnormal luteinising hormone responses, and two of these (Nos 3 and 4) also had subnormal follicle stimulating hormone responses. An initial high basal luteinising hormone concentration was noted in sub- Sex hormone suppression and sexual impotence in hypoxic pulmonary fibrosis '5 although normal endocrine function is usually preserved. '6 Acute exposure to hypoxia at high altitude is known to induce changes in the testicular germinal epithelium of animals" and produce oligospermia in rams'8 and men '9 and urinary output of testosterone after injection of human chorionic gonadotrophin is decreased in natives of high altitude regions.20 All this evidence supports the possibility of testicular suppression in those circumstances. A fall in luteinising hormone, however, has also been noted in acute exposure to high altitude2' and so it seems possible that either the hypothalamus, the pituitary, or the testis alone may on occasion be the primary organ to fail in conditions of hypoxia.
In both of the chronic lung conditions we have studied, serum testosterone levels tend not to fall below normal until the Pao2 drops below 7-3 kPa (55 mmHg) '-4 (fig) . The four patients with pulmonary fibrosis who had the lowest testosterone and lowest Pao2 values had died by the time of writing so it appears that a low serum testosterone concentration, like a low arterial oxygen tension, is an unfavourable feature. This was also our impression in our patients with chronic obstructive lung disease.
Unlike subject 2, subject 8 retained normal luteinising hormone and follicle stimulating hormone responses as his condition deteriorated with falling Pao2 but by this time he was in hospital receiving intermittent oxygen treatments, which may have improved hypothalamo-pituitary-testicular function. It will be of some interest to find out 49 whether oxygen treatment can prevent or even reverse these hormone changes.
In our studies so far we have found nothing to contradict the hypothesis that hypoxia is the offending agent accounting for the hormone changes. Hypercapnia, which was present in many of our patients with chronic obstructive lung disease with suppression of the hypothalamo-pituitary-testicular axis, cannot be incriminated as it was absent in all of the patients with pulmonary fibrosis. Reviewing those of the seven patients with recovery from exacerbations of chronic obstructive lung disease with cor pulmonale in which serum testosterone and Pao2 values rose,4 we found that arterial carbon dioxide tension fell in four but rose in three, which again makes hypercapnia an unlikely culprit. Although arterial pH tended to fall with recovery, values were within or near the normal range and pH therefore seems unlikely as a factor. Conceivably acid-base changes could influence the hypothalamo-pituitary-testicular axis as base excess did fall significantly with recovery. Hypothalamopituitary-testicular abnormalities are not, however, recognised features of acid-base changes in other clinical conditions. Corticosteroid suppression of the hypothalamo-pituitary-testicular axis has been described in Cushing's disease22 but we have no reason to believe that steroid treatment is responsible in hypoxic chest disease. Our own unpublished observations suggest that patients with nonrespiratory disease retain normal testosterone values even when taking a 50 mg daily dose of prednisolone. Moreover, subject 4 in the present study had a low serum testosterone concentration but was taking no drugs, and few among our hypoxic patients with chronic obstructive lung disease who had low serum testosterone concentrations were taking oral steroids. Furthermore, we have noted an appreciable increase in serum testosterone in patients recovering from cor pulmonale,4 commensurate with the rise in Pao2, despite the fact that such patients were often taking no drugs on admission in the acute phase but on recovery were taking several drugs, including spironolactone-which has been alleged to cause a reduction in serum testosterone. 23 The hypothalamo-pituitary-thyroid axis appears to be comparatively well preserved in pulmonary fibrosis as it is in patients with chronic obstructive lung disease,' 3 although we did find the occasional instance of delayed thyroid stimulating hormone response to injected thyrotrophin releasing hormone in both syndromes. Such delayed thyroid stimulating hormone and prolactin responses are thought to indicate hypothalamic damage,'2 but these fairly new tests of hypothalamo-pituitary funcSemple, Beastall, Brown, Stirling, Mills, Watson tion are still being evaluated and such results should be interpreted with caution. Occasional instances of non-drug-induced modest increases in serum prolactin were found in both respiratory conditions, but these changes are known to occur with any physical or emotional stress and the drugs used were not ones usually associated with increased prolactin concentrations. 24 It is not surprising to find evidence of reduced sexual function in this group of men with a tendency to testosterone deficiency. We had found evidence of loss of libido in nine of our 10 patients with chronic obstructive lung disease and it was a feature of most of our men with pulmonary fibrosis. This is clearly an unusual finding since 90% of men aged 50-60 years practise regular coitus or similar sexual activity and have regular early morning penile erections,2526 and lack of such erections is generally taken as a guide in distinguishing organic from psychological causes of impotence.2628 Most patients with chronic obstructive lung disease thought that diminished libido was not related to the prospect of dyspnoea during the exertion of intercourse, whereas in the patients with pulmonary fibrosis this factor did appear to accentuate the problem. Subjects 3, 5, and 6 had no early morning erections despite normal serum testosterone concentrations (table 2) . We have shown that libido and sexual performance can fluctuate with the severity of disease and also with changes in arterial oxygen tension and serum testosterone.7 Possibly when they were studied patients 3, 5, and 6 were comparatively well from the respiratory standpoint and this may have been reflected in near normal endocrine activity. Previously we have indicated that organic sexual impotence may not be an "all or none" phenomenon29 and normal serum testosterone concentrations do not necessarily reflect a normal hypothalamopituitary-testicular axis. 3 In conclusion, low serum testosterone concentrations and sexual impotence occur in men with hypoxic pulmonary fibrosis as well as in hypoxic chronic obstructive lung disease. Significant correlations between Pao2 and serum testosterone in'both conditions suggest a causal relationship, particularly as there is no evident relationship between other arterial blood gas indices and serum testosterone. The hypothesis that hypoxia itself suppresses the hypothalamo-pituitary-testicular axis remains to be tested. Pituitary stimulation tests in pulmonary fibrosis suggest that pituitary suppression may be responsible for the deficient steroidogenesis in some cases whereas in chronic obstructive lung disease the suppression was apparently hypothalamic. One case of possible testicular suppression in pulmonary fibrosis was noted. Pituitary rather than Sex hormone suppression and sexual impotence in hypoxic pulmonary fibrosis hypothalamic suppression of follicle stimulating hormone release occurs in both conditions, though we have no information on spermatogenesis or fertility. Minor suppression of the hypothalamopituitary-thyroid axis seems to occur in both conditions but in neither is it sufficient to cause clinical or biochemical hypothyroidism. Minor abnormalities of the hypothalamo-pituitary-thyroid axis and of prolactin concentration may indicate a degree of hypothalamic suppression in these conditions.
